ABSTRACT: The stacking sequence of several layers of self-assembled semiconducting CdSe nanoparticles has been investigated using transmission electron microscopy. FCC, HCP, saddle sites occupation and ring structures were found coexisting in the supercrystals formed by CdSe nanoparticles.
INTRODUCTION
The wide variety of applications of semiconducting, metal and isolating nanoparticles has motivated many studies of their structure and properties. Sample uniformity makes it possible to manipulate nanocrystals into glassy or ordered nanocrystal assemblies. Ordered metallic, insulating, or semiconducting nanoparticles represent an exiting new class of materials [1] . These self-assembled mono-modal sizeselected nanoparticles frequently adopt close-packed three-dimensional arrangements. The resemblance of these arrangements to the face-centered cubic or hexagonal closepacked crystal structures exhibited by many elements has to led to the widespread adoption of these crystallographic terms to describe the assemblies. Self-assembling of passivated gold nanoparticles was described recently in [2] . Semiconductor nanostructures have attracted tremendous interest in the past few years because of their special physical properties and their potential for applications in micro-and optoelectronic devices [3] . Recently the possibility of the synthesis of CdSe nanocrystals highly regular in size and shape was shown [4] . The CdSe nanocrystals, which are coated with surfactant organic molecules can self-organize into highly ordered microstructures. The goal of the work was the study of self-assembling arrangements of CdSe nanocrystals.
EXPERIMENT
CdSe nanoparticles were produced by solution pyrolysis of organometallic precursors in trioctylphosphine. Details of the synthesis was described in [4] . The nanoparticles are organically coated. The CdSe clusters were dissolved in a toluene solution. The solution were deposited on a standard Cu grid covered with a thin C4.37.1 amorphous carbon film. Different amounts of
• a _-solution were dropped to the grid to change the number of layers fonned by the nanoparticles. The samples were studied in a Philips EM 420 TEM operated at 100kV.
RESULTS AND DISCUSSION
A TEM image of non-ordered, glassy A CdSe nanoparticles two-dimensional assembly is shown in fig.l . The random distribution of the t '-CdSe particles was caused by the quick drying of the solution on the carbon substrate and difference in the particle sizes.
An The single layer of the CdSe nanoparticles ( fig. 3a) shows hexagonal symmetry (note the FFT power spectrum). The nanoparticles in the second layer mostly occupied three-fold hollow sites (see fig. 3b ). Correspondent FFT power spectrum from two layers more often demonstrated six-fold symmetry. However, in some areas the nanoparticles in the second layer occupied two-fold saddle sites ( fig.4 a-c) . The TEM images of such stacking demonstrate characteristic chains or lines. Similar arrangement were recently found experimentally by Wellner et aL [2] for gold nanoparticles. It was suggested that this type of ordering could be dependant on nanoparticle shape. The shape of the CdSe nanoparticles in our investigations was not perfectly spherical and that could cause the high density of chain-like structures in the sample. The chain-like structures were found as bi-layered islands ( fig.4 b) . We can not rule out the possibility of three and more layers formation of CdSe particles in the saddle sites in these areas. This corresponds to a disordered form of the CI lb MoSi 2 structure [5] . There was one more stacking configuration of second layer. It looks like ring or semi-ring structure ( fig.5 a-c) . The ring arrangement of nanoparticles was recently shown in [6] when second layer was rotated and contracted leading to the energy minimization.
The contrast from the third layer was slightly different even in adjacent areas ( fig.  2 and fig. 3q ). The two-fold symmetry of the FFT power spectrum indicated the presence of hexagonal stacking or hep structure (see fig. 3c , insert). However, close examination of other areas associated with the presence of a third layer pointed to the three-fold symmetlry and fcc type of structure. The stacking of third and fourth layers near chainlike structures more often look like lines and may be due to further occupation of twofold sites above the second layer which corresponds to a disorder form of the Cl I I MoSi' structure.
CONCLUSION
Three-dimensional arrangements of semiconducting CdSe nanoparticles can be fee or hcp -type. Nanoparticle in the saddle sites or ring stacking of second layer can also coexist with these. Third and forth layers deposited on the top of saddle site stacking can form the Cl lbMOSi2 structure.
